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The PowerRefractor is a new infrared autorefractor based on the principle of photorefraction. It was primarily intended to be a screening device especially suitable for detecting refractive errors in children and subjects with poor co-operation. Our interest in this instrument is in its use as a clinical and research tool for objective refraction. The advantage of the PowerRefractor over most autorefractors is that it can measure eye position, pupil size and dynamics of accommodation in addition to refractive error.
Early photorefraction devices had a limited range and were less accurate at detecting astigmatism than generally available autorefractors 1, 2 . The use of the PowerRefractor to determine the refractive error in humans was first described by Schaeffel et al.
.
The technique was further improved by Gekeler et al. 4 using the three-meridian infrared photoretinoscope, allowing measurement of astigmatism.
The present study is the first independent study to assess the performance of the PowerRefractor and the Nidek AR600-A autorefractor. The study aimed to validate and standardize the use of these two instruments, on an adult population, in clinical and laboratory settings. The refractive error determined by each instrument was compared with the results from subjective refraction. We found that both the PowerRefractor and the Nidek AR600-A performed well in all functions examined.
Methods
Fifty normal subjects (23M, 27F) took part in the study. The mean age was 37 with a standard deviation of 12 years (ranging from 16 years to 61 years). Inclusion criteria were: best corrected visual acuity of at least 20/20 and absence of any history of PowerRefractor and Nidek AR600-A 4 ocular pathology. Subjects wearing contact lenses or those with a history of strabismus or amblyopia were excluded from the study.
The data collection was partially masked with one investigator (PA) determining the refractive error by subjective refraction, and the other (HR), determining the refractive error using the Nidek autorefractor and PowerRefractor. The order in which the above techniques were conducted was randomized with at least five minutes between each measurement with the automated devices.
Subjective refraction was completed without any knowledge of the objective estimates of the refraction and the spherical end point was determined with Humphriss Immediate Contrast technique 5 .
The Nidek autorefractor, using the 'autoshot' and 'autotracking' facilities, estimates the refractive error by averaging three successive readings in each session. The autotracking mechanism enables the machine to follow small losses of fixation by the subject. The autoshot function permits automated serial measurements when the instrument is in focus. The results obtained from two such successive sessions, separated by at least five minutes, were used to determine the repeatability.
The PowerRefractor offers five different measuring modes to determine refractive error. Two of these modes ('monocular' and 'complete refraction') were evaluated in this study. The 'monocular' mode gives a dynamic measurement of refractive error in the vertical meridian of one eye. The refractive error and pupil size are continuously 5 measured at a frequency of 25Hz over a period of time. Series of readings were obtained by the 'monocular' mode, for 10 seconds (250 readings).
The 'complete refraction' mode is a binocular measurement of the refractive error.
Each measurement using the 'complete refraction' mode was obtained over a 10 second period. The results from the 'complete refraction' mode include the sphere, cylinder and axis for each eye. To assess the repeatability of both the 'monocular' and the 'complete refraction' modes, two successive sessions, at least five minutes apart were completed.
A chin-rest and a brow bar were used to minimise errors caused by head movements.
Although the PowerRefractor can measure refractive error with a pupil diameter above 3mm the best signal to noise ratio is achieved when the pupil diameter is greater than 4mm. To ensure that the pupil size remained above 4mm, the room illumination was subdued.
The effect of fixation distance on the results of the PowerRefractor was investigated on subgroup of five subjects. With a mean age of 29 + 10SD (range from 22 years to 45 years). Refractive error measurements ('monocular' mode) were obtained at fixation distances of 6m, 3m, 1m and 40cms. All the measurements used for comparison were performed with subjects fixating at 6 metres.
Dioptric power was expressed as a dioptric power matrix [6] [7] [8] [9] [10] for data analysis. The vector form of the matrix facilitates the statistical treatments, as the components can be treated in a simple algebraic manner.
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This research followed the tenets of the Declaration of Helsinki. Informed consent was obtained from all subjects.
Results
The mean spherical error of 50 right eyes as measured by subjective refraction was - Table 1 .
The refractive error estimated by the PowerRefractor was found to be dependent on the fixation distance as shown in Figure 1 .
Validity
A two-tailed paired t-test indicated no significant difference (p>0.05) between readings obtained with the PowerRefractor ('complete refraction' and 'monocular') modes and subjective refraction for all the three vector components. The estimated refraction with the Nidek AR600-A also showed no significant difference (p>0.05) in comparison to subjective refraction with the paired t-test. 
Discussion
The results of the present study show that the PowerRefractor and Nidek autorefractor results agree well with subjective refraction results. Elliot et al. 12 defined the 'coefficient of accuracy' as 1.96 times the standard deviation of the difference between the readings from the two instruments. In a previous study Choi et al. 13 found the coefficients of accuracy for the PowerRefractor to be 1.529, 0.189 and 1.187 for the horizontal, torsional and vertical components. While studying the application of the PowerRefractor as a clinical and research tool in adults we found the coefficient of accuracy lower than the previous study for the horizontal and vertical components.
The coefficients of accuracy for the current study were found to be 0.793, 0.363 and 0.905 for the horizontal, torsional and vertical components respectively. The Nidek 9 AR600-A autorefractor was also found to be more accurate when compared to the Nidek AR-1000 and the Nikon NRK-8000 as described by Elliot et al 12 .
In addition the readings obtained from the PowerRefractor and the Nidek AR600-A autorefractor were also found to be very repeatable.
The improvement in accuracy of the PowerRefractor was possibly due to a slight alteration in the measurement technique. The subjects fixated a spotlight at 6 meters throughout the study. Choi et al. 13 did not find any difference in the refractive error obtained using viewing distances of either 3 meters or 1 meter, viewing distance whilst using the instrument on children. Our results show that to use the instrument to measure refractive error in adults, or for clinical and research purposes, it would be better to use a fixation target close to clinical infinity. To assess the accuracy of the PowerRefractor Choi et al 13 instructed the subjects to fixate the photoretinoscope. In the present study the spotlight was positioned in such a way that the visual axis was within 5º of the photoretinoscope axis.
With the PowerRefractor the most favourable signal/ noise ratio for measuring refraction is achieved when the pupil size is above 4mm. The PowerRefractor gave a 'green' reading whenever the pupil size was above 4mm and the fixation was within 10° horizontally and 5° vertically. A 'red' reading was obtained when these criteria were not met. Only 'green' readings were included for analysis in this study. This was easily achieved in all but one of our subjects by subduing the room illumination. The
PowerRefractor gave no readings from the eyes of one Asian subject whose pupil size was smaller than 4mm even with the lights subdued. This is particularly of concern if the instrument is to be used for measuring accommodation levels, as the pupils will get smaller when the subject accommodates.
The The erroneous measurements, due to blinks and reflections, were identified by the occasional large deviation in measured pupil size during data analysis. These errors were manually removed from the data files. This was a time consuming process.
When the palpebral aperture was too small to obtain a measurement the PowerRefractor did not give any reading for refractive error or pupil size. To account for the blinking artefacts the readings 0.04 before the blanks and 0.08 seconds after the blanks were removed during data analysis. The readings contaminated by stray light were removed by deleting the readings with large deviations in pupil size.
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The PowerRefractor results demonstrate a consistent hyperopic error of approximately 0.20D for the horizontal and vertical components as shown in Figures   2(a,c) and 3(a,c) .
One limitation for using the PowerRefractor in clinical practice is that it can only measure refractive error ranging from -6.00D to +4. 
